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Abstracts of Conference Papers 






HISTORY OF MASONRY CAVITY WALLS 

Harry C. Plummer, Structural Clay Products Institute 

This paper traces the development and use of masonry cavity walls from approximately 
1930 to the present date, including the early testing processes used to establish the 
structural properties of such construction# Acceptance by code officials is discussed 
and some of the pioneer work in this country is mentioned. 
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REVIEW OF RECENT RESEARCH 

C. B. Monk, Jr. , Structural Clay Products Research Foundation 

The major constructional features of a standard cavity wall are defined, and the author 
then reports recent research to ascertain the thermal, water and water vapor resistance 
of a cavity wall filled with insulation. The influence of the introduction of a cavity 
between two wythes of face brick is discussed in terms of the cost in dollars per sq. ft. ; 
the U factor in terms of Btu per sq. ft. per °F; the percentage of increase in cost; and 
the percentage of heat loss reduction. A summary of thermal tests is presented in tabular 
form and analyzed, as is a summary of vapor transmission tests. Test results are said 
to establish that the cavity fill insulation, to be economically significant, should increase 
the thermal resistance over 50% at a cost not to exceed 10 to 20 £ per sq. ft. installed. 
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DESIGN OF INSULATED MASONRY CAVITY WALLS 
Werner Gottschalk, Severud-Elstad- Krueger Associates 

Convincing performance of cavity walls requires compliance with building codes, which 
means complete or substantial concurrence of cavity wall sections with code requirements 
for solid masonry walls (unbraced spans* cross-sectional area, etc.). Excellence of 
workmanship and adequate details of support, lateral bracing, strut action at openings, 
disruption of homogeneity of wall by flashings are also mentioned as primary consider- 
ations in the design of such construction. Detailed discussion of cavity walls divides 
them into bearing walls, panel walls and curtain or enclosure walls. Emphasis is also 
laid on the importance of ties in the cavity wail assembly and types of ties, tie materials 
and coatings are analyzed. The author also points out why results of laboratory type tests 
are no more than an indication of what may be expected in field performance. 
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DESIGN FOR CRACK PREVENTION 

J. Neils Thompson and Franklin B. Johnson, The University of Texas 

Foundation movements, thermal load distribution, structural configurations, static and 
dynamic loads and mechanical properties of the materials must be considered in the de- 
sign of cavity walls to resist cracking. Each of these factors is discussed, along with 
examples of construction where cracking has occurred. Design recommendations are 
made that should aid in the prevention of cracking. 



MORTAR FOR CAVITY WALLS 

Cyrus C. Fishburn, National Bureau of Standards 

The flexural strength of masonry walls depends on the bond between masonry units and 
the mortar. The ASA Standard A41-1953 recommends the use of ASTM C270 Type M or 
Type S mortar in c?-*ity walls subjected to wind load in excess of 20 psf. Portland ce- 
ment or Portland bl furnace cement blended in sufficient quantity with either lime or 
a masonry cement is a suitable material for such mortars. Mortars with a water retention 
higher than that specified in C270 are also desired; such mortars will not readily segre- 
gate at the wet consistencies conducive to high bond strength. The 28- day compressive 
strengths of the Type S mortars giving the high bond strengths are shown to have exceeded 
2, 000 psi, even when mixed to flows over 140%. The cementing materials in these bond- 
test mortars were tested as masonry cements in accordance with ASTM C91 and yielded 
mortars having compressive strengths in excess of 3,000 psi. 
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PERFORMANCE EXPERIENCE WITH LOW-RISE BUILDINGS 

Harry B. Zackrison, Sr. , U. S. Army Office of Chief of Engineers 

This paper covers the experience of the Corps of Engineers with cavity walls used in low- 
rise buildings constructed for the Army and the Air Force. The type of cavity wall con- 
struction employed on specific buildings is described and illustrated, as well as the 
conditions and specifications set down by the Government which such buildings must 
meet. Replies made by the field officials of the Corps to a set of questions about their 
experiences with this type of wall are then reported. These relate to weep holes, leakage, 
flashing, control joints, shrinkage or cracking, waterproofing, heat losses, etc. 

PERFORMANCE EXPERIENCE WITH HIGH-RISE BUILDINGS 
C. B. Litchfield, LaPierre, Litchfield & Partners, Architects 

This paper relates the experience of the author's architectural firm as a pioneer in the 
design of cavity walls since 1920, and the actual performance of such walls in a number 
of buildings of high-rise construction. Emphasis is on an unfilled cavity where the in- 
sulation values are derived from the materials of the two wythes and the cavity space, 
with drain openings only at the bottom of the cavity. 
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CONSTRUCTION AND INITIAL COST 

Harold W. Peterson, Harold W. Peterson & Sons, Inc. 

The importance of good workmanship is pointed out, with particular emphasis on the need 
to keep the cavity clean. Several techniques for accomplishing this are discussed. The 
necessity for a good system of ties is also stressed and the various types of ties are dis* 
cussed in detail. Methods of constructing effective weep holes are presented. Initial 
costs are analyzed in terms of average figures drawn up by the Mason Contractors Assn, 
of America and include costs per square foot for labor, materials, cleaning, overhead 
and profit. 
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THERMAL ECONOMICS AND ULTIMATE COSTS 
C. T. Grimm, Zonolite Company 

A study of the effects of insulation in masonry cavity walls on the present and ultimate 
costs of the walls is reported. Computations made are based on data presented in the 
Structural Clay Products Institute report, "Ultimate Cost of Building Walls. " The author 
details 15 cost items which must be studied to determine the relative economics of wall 
types, and presents graphs and tables showing the relationship between first cost and 
ultimate cost for glass and metal walls as compared to masonry cavity walls. 



History of Masonry Cavity Walls 



By Harry C. Plummer, * Director, Engineering & Technology Dept. 

Structural Clay Products Institute 

Since insulated cavity walls may be considered a modern development of the cavity walls 
that have been used in Great Britain for many years, and early in this century were con- 
sidered conventional construction for exterior load-bearing walls, perhaps a brief review 
of the development of cavity walls in this country is in order. 

Demolition projects have disclosed that cavity walls were built in the United States 60 
or more years ago. However, there appears to have been little use made of cavity walls 
in this country during the first 30 years of this century, and the earliest reference we 
find to them in technical literature published in the United States is a mimeographed 
publication of the Brick Manufacturers Association of America, since merged with Struc- 
tural Clay Products Institute, entitled "Engineering Notes on Brick Masonry, " Bulletin 
No. 2. This publication describes the cavity wall, to which it refers as "the barrier 
wall, " as a 9-1/2" hollow wall laid in common bond without headers, and consisting of 
two wythes spaced 2" apart and bonded together at every fifth course with metal ties on 
12" centers. The metal ties were l/4" round rods bent in the form of Z's; the total length 
of the rods before bending being approximately 12", thus providing 3" legs on the Z tie. 
This bulletin also reproduces data and construction details published by the Clay Products 
Technical Bureau of Great Britain. 

The following year, the Federal Housing Administration issued General Ruling No. 68, 
dated August 17, 1937, accepting cavity walls as described in the brick manufacturers' 
bulletin "for exterior enclosing walls of dwellings otherwise eligible for mortgage 
insurance. " 

Since that time, interest in and use of cavity walls in this country has constantly in- 
creased and, as a result of this, extensive tests have been conducted to determine the 
properties of cavity walls built of masonry materials available in this country. Many of 
these tests were conducted at the National Bureau of Standards as part of its building 
materials and structures testing program and, in 1939, the Bureau published three BM8 
Reports on structural properties of various types of cavity walls. Subsequently, the 
Bureau published reports on strength and resistance to corrosion of ties for cavity walls, 
and on the fire resistance of cavity walls. 



*PLUMMER,~ HARRY C. , Secretary, Structural Clay Products Research Foundation; B. A. , 
Ohio State University and B. S. in Civil Engineering, Case Institute of Technology; Mem- 
ber American Ceramic Society (Fellow), American Society of Civil Engineers, American 
Society for Testing Materials, American Standards Association, Building Research Insti- 
tute and Secretary- Treasurer of Construction Specifications Institute; associated with 
SCPI since 1937. 
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Under date of May 20, 1953, the Bureau published BMS Report 136, Properties of Cavity 
Walls, which summarizes the data included in previous reports and includes hitherto 
unpublished data on heat transmission. Structural properties, reported in BMS- 136 are 
compressive strength, transverse strength, resistance to concentrated and impact loads 
and racking strength. The report also includes data on water permeability, heat transfer 

and fire resistance. 

With the increasing use of air conditioning in both residential and commercial buildings, 
the need for increasing the resistance of cavity walls to heat flow became apparent, and 
the Structural Clay Products Research Foundation, in cooperation with Owens- Corning 
Tiberglas Corporation, developed a pouring type of fiberglas insulation which tests indi- 
cated would perform satisfactorily within the cavity. This construction was described 
in the May 1951 issue of Technical Notes of the Structural Clay Products Institute. 

Subsequently, research on cavity walls has been continued, some of the results of which 
will be reported at this meeting. 

In January 1944, the American Standards Council approved American Standard Building 
Code Requirements for Masonry which cover cavity wall construction. At this time, 
neither the National Code of the National Board of Fire Underwriters nor the Uniform Code 
of the International Conference of Building Officials, the principal codes available, 
covered cavity wall construction, and few local codes permitted its use except under 

special permits. 

As ot today, both the National Code and the Uniform Code provide for cavity wall con- 
struction, as well as the Basic Code of the Building Officials Conference of America, and 
the Southern Code of the Southern Building Code Congress. Many municipal codes also 
permit cavity wall construction, as indicated by a survey conducted by the Structural 
Clay Products Institute during the spring of 1957. 

Questionnaires were addressed to the building officials of 239 cities in the United States 
having a population of 50,000 or more, and 124 replies were received, a 52% response. 
One question asked was: "Does your building code permit the construction of masonry 
10" cavity walls, (a) as load-bearing in residential and nonresidential, and (b) as 
nonload- bearing in spandrel, panel or curtain walls?" 

Of the replies received, 84% permit load-bearing cavity walls in residential construction; 
68-l/2% permit these walls in nonresidential construction: and 86-1/2 % permit nonload- 
bearing cavity walls for spandrel or curtain walls. This widespread acceptance of cavity 
wall construction in building codes during a period of 20 years is some indication of the 
interest of designers in this type of construction. 



The early use of cavity walls in this country was limited primarily to exterior load-bearing 
walls, one and two stories high, and this appears to be true in England also, since Fitz- 
maurice of the Building Research Station of England makes no mention of cavity walls in 
skeleton frame construction in his book, "Principles of Modern Building, " published in 
1939. However, in this country, designers of high-rise buildings soon recognized the 
advantages of cavity walls and early in the 1940's began to use them for the design of 
curtain and panel walls. 

Pioneers in this field include the architectural firm of Alfred Hopkins and Associates (now 
LaPierre, Litchfield & Associates), the structural engineering firm of Severud-Elstad- 
Krueger Associates, and U. S. Corps of Engineers, all represented on this program. 
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Problems still arise in the design of cavity walls to provide for differential movements 
between the walls and other elements of the structure. However, much has been Earned 
from experience during the past 20 years, and the pooling of this experience through 
conferences such as this should go far toward solving these problems. 
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Review of Recent Research 



By C. B. Monk, Jr. , # Manager of Architectural & Engineering Research, 
Structural Clay Products Research Foundation 



Introduction 



Cavity wall construction is theoretically superior to its equivalent solid wall construction 
in' both thermal and water permeability resistance. The deliberate separation of the two 
wythes of the equivalent solid construction is to interrupt water penetration through the 
wall, and the air space so formed substantially reduces the heat flow. The effect of 
cavity construction on vapor transmission is not so obvious; the over- all vapor permeance 
remains unchanged but the location of the dew point is altered by the increased thermal 
resistance from the air space. While structural resistance is beyond the major interest 
of this paper, for the sake of general completeness it is to be noted that unless special 
care is taken to load a cavity concentrically, most of a bearing load may be delivered 
into one wythe due to general detailing practice. This is of no serious consequence since 
the full bearing capacity of most masonry walls is seldom utilized. However, the trans- 
verse resistance of a cavity wall is expected to be weaker than its equivalent solid 
counterpart, as the metal wall ties commonly employed in tying the two wythes together 
cannot develop flexural shear resistance between the two wythes, but merely act as com- 
pression struts or tension ties to distribute lateral loads equally to each wythe. 

While theory suggests that an equivalent solid wall should be twice as strong as a cavity 
wall, "the ratio of unsupported height to nominal thickness or the ratio of unsupported 
length to nominal thickness (one or the other but not necessarily both) shall not exceed 
20 for solid masonry and 18 for cavity walls for which the thickness shall be the sum of 
the nominal thicknesses of the inner and outer wythes. Thus, the ratio of solid wall 
lateral strength to cavity wall lateral strength is 10:9 as allowed by standard codes. This 
discrepancy with the theoretical relative strength value may be due in part to the lack of 
insufficient bond existing between wythes of solid walls despite the presence of a collar 
joint. It has been demonstrated by test^ that the lack of a completely filled collar joint 
may cause a solid 8" wall to approach the strength of two 4" walls acting separately as 
in cavity construction. Code requirements are largely based on historical performance 
of masonry walls 



^Raised numbers in parentheses refer to List of References at end of paper. 

*MONK, C. B. , Jr.., B. S. in^Architectural Engineering, Pennsylvania State University, 

M. S. in Structural Engineering, University of Illinois; Member of American Society of 
Civil Engineers, Building Research Institute, National Society of Professional Engineers; 
formerly associated with Armour Research Foundation and with the theoretical and applied 
mechanics department, University of Illinois. 
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